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Le concept de fonctions exécutives est polymorphe, recouvrant un ensemble de
processus neuropsychologiques de haut niveau (mémoire de travail, inhibition,
flexibilité, etc.), nécessaires à la planification, l’initiation, la régulation et la
vérification des comportements complexes et finalisés [1]. Ces fonctions sont
mises en œuvre dans les situations nouvelles, à savoir celles qui ne peuvent pas
être gérées en engageant de simples schémas routiniers d’action. Dans les tâches
exécutives, il est, bien au contraire, indispensable d’inhiber ces routines et de les
remplacer par des comportements délibérés et contrôlés, en concordance avec le
niveau de complexité de la tâche [1]. Les fonctions exécutives sont
principalement supportées par les lobes frontaux, engageant néanmoins un
réseau cérébral plus vaste incluant des régions cérébrales postérieures et sous-
corticales. Les modèles théoriques du fonctionnement exécutif sont probable-
ment parmi les modèles les plus nombreux en neuropsychologie humaine. Dans
cette présentation, nous décrirons quelques-uns de ces modèles en adoptant une
perspective historique. Nous nous limiterons ici à ceux développés pour des
populations adultes et ayant des applications concrètes, soit en termes d’outil
d’évaluation des fonctions exécutives, soit en termes de méthodes de prise en
charge rééducative des fonctions exécutives. Nous verrons que certains de ces
modèles mettent l’emphase sur la composante dite « froide » du fonctionnement
exécutif, alors que d’autres ont trait à la composante dite « chaude » des
fonctions exécutives. Nous verrons enfin que ces modèles peuvent être classés
suivant qu’ils accordent une large place à la notion de processus de contrôle de
l’activité ou à celle de représentation dans la régulation des conduites les plus
élaborées.
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The frontal lobes are heterogeneous in terms of functions and connectivity.
Roughly, the posterior frontal areas (motor and premotor cortices) are involved
in the preparation and execution of motor responses. The most anterior portion
of the frontal lobes, called the prefrontal cortex, is required to uncouple
perception (of endogenous or exogenous origin) from action, in order to
elaborate and control goal-directed behavior. The temporal buffer space
represented by the prefrontal cortex allows for the activation of cognitive, social
and affective internal representations required for decision-making in
ambiguous situations and for the elaboration of sequential actions to reach
future goals. The prefrontal cortex could be divided in two distinct anatomical
and functional groups of subregions: the dorsal regions (including the lateral
and medial aspects) are involved in cognitive control while the ventral areas
(medial-ventral and orbital aspects) are involved in emotional, social and
vegetative control as well as in the affective valuation of the behavioral context.
A second layer of functional subdivisions can be proposed: for instance, there
are evidence from lesion and functional imaging studies indicating that the
lateral prefrontal cortex could be organized according to a rostro-caudal
gradient (based either on the cascade model of cognitive control proposed by
Koechlin or on the level of abstraction proposed by Badre and D’Esposito). In
these models the most anterior areas exert a top-down control over more
posterior frontal regions. A third layer of subdivision, along the dorsal-ventral
axis, depending on the domain of information being processed (e.g., visual-
spatial/visual-object features) can be discussed. Subdivisions according to other
anatomical dimensions could also be mentioned: lateral vs. medial and left vs.
right hemisphere specialization. In the presentation, the different dimensions/
layers of subdivisions will be described and discussed according to the most
recent concepts and experimental data obtained in our laboratory.
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I will summarise work investigating the neural basis of cognitive impairment
after traumatic brain injury (TBI). Efficient cognitive function involves the
coordinated activity of large-scale brain networks, but the way in which these
networks interact is uncertain.
Activity within the Default Mode Network (DMN) is seen in situations where
attention is internally directed, such as autobiographical memory or planning
for the future. In contrast, activity within the Salience Network (SN) is
associated with unexpected events that require a change in the focus of
attention. One theory is that the SN, which includes the anterior cingulate cortex
and anterior insulae, regulates dynamic changes in other brain networks.
Our work demonstrates that damage to the structural connectivity of the SN by
TBI produces abnormal activity within the DMN, leading to impairments of
rapid shifts in attention and executive function abnormality [1].
In addition, we have shown that the level of functional connectivity with the
DMN predicts a vigilance decrement that patients exhibit during prolonged task
performance and that is a marker of sustained attention [2].
This behavioral impairment is correlated with damage to the cingulum bundle,
which connects anterior and posterior nodes within the DMN.
Our work demonstrates how damage to specific white matter tracts produces
abnormalities of network function after TBI, and predictable changes in
cognitive function. Both structural tract damage and abnormalities of network
function have the potential to be used as biomarkers for studies of cognitive
impairment.
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The concept of executive functions is polymorphic, covering a large range of
neuropsychological processes of high level (working memory, inhibition,
flexibility, etc.), necessary for the planning, initiation, control and verification of
complex and finalized behaviors [1]. These functions are implemented in new
situations, namely those that cannot be managed by engaging simple routine
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action plans. In executive tasks, it is, on the contrary, essential to inhibit these
routines and replace them with deliberate and controlled behavior, consistent
with the level of complexity of the task [1]. Executive functions are mainly
supported by the frontal lobes, engaging however a larger brain network,
including posterior and subcortical brain regions. Theoretical models of
executive functioning are probably the most numerous models in human
neuropsychology. In this presentation, we will review some of these models by
adopting an historical perspective. We are not exhaustive and we limit
ourselves to the models developed for adult populations. We also selected
those models having practical applications both in terms of assessment tools
for executive functions and clinical applications for rehabilitation interven-
tions. We will see that some of these models concern the ‘‘cold’’ component of
executive function, whereas the others relates to the ‘‘hot’’ component of
executive functions. Finally, we will see that these models can be classified
according to whether they give great importance to the concept of control
processes or that of representation in the regulation of the more elaborate
behaviors.
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